Abstract: Lipid-rich carcinoma (LRC) of the breast is a rare breast cancer variant that accounts for ,1% of all breast malignancies. It has been reported that LRCs are negative for estrogen receptor. Here, we report a case of LRC of the breast that was strongly positive for estrogen receptor and treated with endocrine adjuvant therapy. A 52-year-old postmenopausal female noticed a lump in her right breast by self-examination and presented to our hospital. Physical examination revealed an elastic 30 mm ×20 mm hard mass in the upper medial part of her right breast. The findings obtained using ultrasonography, mammography, and contrast-enhanced magnetic resonance imaging suggested breast cancer. Core needle biopsy resulted in the diagnosis of invasive carcinoma. The patient underwent mastectomy and sentinel lymph node biopsy. Histopathologically, the tumor cells were abundant in foamy cytoplasm. Because the presence of marked cytoplasmic lipid droplets was confirmed by Sudan IV staining and electron microscopic examination of the tumor and the lipid droplets were negative for periodic acidSchiff staining, the tumor was diagnosed as an LRC. Immunohistochemically, estrogen and progesterone receptors of the tumor were strongly positive, human epidermal growth factor receptor type 2 was negative, and the ratio of Ki-67-positive cells was ~30%. After surgery, the patient underwent combination chemotherapy with anthracycline, cyclophosphamide, and 5-fluorouracil, followed by docetaxel. Thereafter, the pateint was treated with letrozole and has remained well for 24 months with no signs of recurrence.
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Introduction
Lipid-rich carcinoma (LRC) of the breast is a rare form of breast cancer that accounts for ,1% of all breast malignancies according to the World Health Organization's classification of breast tumors 1 and is considered to be aggressive with a poor prognosis. 2 Although LRC is thought to be negative for estrogen receptors (ERs), 2, 3 we recently experienced a case of breast LRC that was strongly positive for ERs. To the best of our knowledge, our case is the second report of ER-positive LRC, which was treated with endocrine therapy. Here, we report a case of LRC strongly positive for ER and review the literature. Written informed consent was obtained from the patient to use her data for publication. Approval was obtained from the ethics committee of Shinshu University, School of Medicine.
Case report
A 52-year-old postmenopausal female noticed a painless lump in her right breast on self-examination and presented to our hospital. The patient had no past or family history 
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Oba et al of serious disease and received no past hormonal therapy. Physical examination revealed a firm lump in the upper medial quadrant of the right breast. The tumor was 30 mm ×20 mm in size. No nipple discharge or swelling of the axillary lymph node was observed. Blood examination results, including tumor markers, were within normal limits. Mammography showed an irregularly shaped mass with a microlobulated border. Ultrasonography showed a hypoechoic 25.8 mm ×22.9 mm mass with an irregular and indistinct border (Figure 1 ). Contrast-enhanced magnetic resonance imaging revealed an irregularly shaped mass with strong enhancement in the early phase. No intraductal spread of the tumor was detected (Figure 2 ). Core needle biopsy of the tumor led to a diagnosis of invasive carcinoma.
18 F-Fluorodeoxyglucose positron emission tomography revealed no sign of distant metastasis. The patient was diagnosed as stage IIA breast cancer and underwent mastectomy and sentinel lymph node biopsy. Histopathologically, the tumor cells were abundant in foamy cytoplasm ( Figure 3A and B). Sudan IV staining ( Figure 3C ) and electron microscopic examination of the tumor ( Figure 3D ) demonstrated the presence of marked cytoplasmic lipid droplets, which were negative for periodic acid-Schiff (PAS) staining ( Figure 3E ). Furthermore, gross cystic disease fluid protein-15 (GCDFP-15) staining ( Figure  3F ) was negative in the cytoplasm of the tumor cells. On the other hand, cytokeratin (CK) 5/6 staining was weakly positive ( Figure 3G ), while p53 staining was positive ( Figure 3H ). Based on these findings, the tumor was diagnosed as LRC. Immunohistochemically, ERs and progesterone receptors (PgRs) of the tumor were strongly positive ( Figure 4A and B), human epidermal growth factor receptor type 2 (HER2) was negative ( Figure 4C ), and the ratio of Ki-67-positive cells was ~30% ( Figure 4D ). No lymph node metastasis was detected in the axilla. Taking into consideration the high ratio of Ki-67-positive cells and aggressiveness of LRC, the patient received standard adjuvant chemotherapy of anthracycline, cyclophosphamide, and 5-fluorouracil, followed by docetaxel. Thereafter, the patient received letrozole and has remained well for 24 months with no signs of recurrence.
Discussion
LRC is histopathologically characterized by cells with numerous optically free vacuoles of various sizes in the cytoplasm that are positive for Sudan IV staining. 1 Although it is important to differentiate LRC from other vacuolated or clear cell tumors, such as glycogen-rich and apocrine carcinomas, these tumors are appropriately differentiated by special staining or immunohistochemical staining. For example, glycogen-rich and apocrine carcinomas are positive for PAS, whereas LRC is negative. With regard to GCDFP-15 staining, apocrine carcinoma is positive and LRC is negative. 1, 4, 5 In our case, the tumor cells were negative for PAS and GCDFP-15. Furthermore, an electron microscopic examination revealed the presence of cytoplasmic lipid droplets that were positive for Sudan IV staining, which met the criteria of LRC.
The clinical characteristics of LRC are not well known because only ~70 cases have been reported in the English literature to date. However, Shi et al 2 analyzed the clinicopathological data of 49 LRCs among 3,206 patients with breast cancer and reported lymph nodes metastases in 38 (78%) and that the 2-and 5-year survival rates of patients with LRC were 64.6% and 33.2%, respectively. Thus, LRC 
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Lipid-rich carcinoma of the breast positive for estrogen receptor is generally considered to be an aggressive phenotype of breast cancer.
Because of the rarity of LRC, the association between the subtype and clinical features of LRC has not been extensively studied. LRC cases reported in the English literature are summarized in Table 1. 2,3,6,7-14 Guan et al 3 investigated the clinicopathological features of 17 patients with LRC and reported that none were ER positive, whereas one (5.9%) was PgR positive; however, all patients were HER2 positive. Shi et al 2 studied 49 cases of LRC and reported that none were ER positive, five (10.2%) were PgR positive, and 35 (71.4%) were HER2 positive. The ratios of HER2-positive cancer in both studies were higher than the general average of 20%-30%. 6, 15 In addition, .30% of Ki-67-positive tumor cells were detected in 27 (55.1%) cases in the study by Shi et al. 2 Moreover, LRC was ER negative in 12 of the 
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Oba et al Abbreviations: TNM, tumor-node-metastasis; er, estrogen receptor; pgr, progesterone receptor; Her2, human epidermal growth factor receptor type 2; ND, not described; M, mastectomy; ax, axillary dissection; BCs, breastconserving surgery; sLNB, sentinel lymph node biopsy; CT, chemotherapy; eT, endocrine therapy.
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Oba et al 14 case reports. 5, [8] [9] [10] [11] [12] [13] [14] Thus, all LRCs except for two cases 13, 14 have been reported to be ER negative, and there has been a tendency for LRC to be HER2 positive and contain highly proliferative cells. Hence, the aggressiveness of LRC may be attributed to these biological features. However, the significance of Ki-67 levels in LRC has been not elucidated. Shi et al 2 reported that Ki-67 status was not associated with overall survival among 49 patients with LRC. However, more clinical data are required to elucidate the significance of Ki-67 in the prognosis of LRC.
Treatment of LRC is typically performed on the basis of standard treatment protocols for breast cancer. However, considering the aggressiveness of LRC, systemic therapy should be an important part of the treatment regimen and appropriate systemic therapies according to the subtype and stage of each tumor should be administered. Shi et al 2 performed an in vitro chemosensitivity assay and found that lipid-rich tumors were sensitive to paclitaxel, carboplatin, and cisplatin. Thus, chemotherapy including paclitaxel or platinum agents may have the potential to improve the prognosis of recurrent LRC. On the other hand, because all LRCs except for two previously reported cases 13, 14 have been ER negative, the effect of endocrine therapy on LRC has not been established. In the present case, endocrine therapy is expected to be effective because the tumor was strongly ER positive.
Conclusion
The present case is the second report of LRC that was positive for ER expression and treated with endocrine therapy. Although LRC is generally considered to be negative for ERs, our case suggests that a small percentage of LRCs are ER positive.
